Background: Plants in a seasonal environment that become close to the artificial lake after dams construction may have enhanced growth or die due to the new conditions. Changes in mortality or growth rates lead to changes in community diversity, and we do not know if the community functions will change; our main hypothesis was that a few years after impoundment, species richness and diversity will increase because the increased supply of water would favor the establishment of water-associated species. Therefore, we evaluated the consequences of proximity of three dry seasonal forests to the water table after damming, with a dynamic evaluation of the species studied to understand changes in diversity in these areas. We sampled 60 plots of 20×10 m in each forest and measured all trees with a diameter equal to or greater than 4.77 cm before damming and 2 and 4 years after damming. We calculated dynamic rates and compared species changes during these periods. We also compared diversity and richness using Shannon index and rarefaction curves.
Background
Dams have historically facilitated human life, initially in farming, transport, and domestic services, and are currently mainly built for energy generation (Baxter 1977) . At least 45,000 dams over 15 m high obstruct 60% of fresh water that flows to the oceans . Dam construction increased because hydroelectric power was considered a clean and inexpensive alternative for energy production (Kaygusuz 2004) , responsible for 16% of worldwide electricity generation in 2005 (Evans et al. 2009 ). Despite the spread of this "clean and inexpensive" idea, several problems are actually known, such as entire watershed modification (Nilsson and Berggren 2000) , sediment retention (Manyari and Carvalho 2007; Vorosmarty et al. 2003) , biochemical alterations (Humborg et al. 1997) , and emission of greenhouse gases (Fearnside 2002; St Louis et al. 2000) .
Water-dwelling organisms (fish, amphibians, plankton, benthos, and macrophytes) are directly affected, causing drastic changes in food webs (Brandao and Araujo 2008; Moura Júnior et al. 2011) . The artificial lake created also interferes with terrestrial organisms. Wildlife can move to habits outside the flooded area, but sessile organisms such as plants are drowned (Fearnside 2002; White 2007) . Plant decomposition releases organic matter and depletes water oxygen (Barth et al. 2003; St Louis et al. 2000) , also releasing carbon dioxide (CO 2 ) and methane (CH 4 ) to the atmosphere (St Louis et al. 2000) . However, organisms living in the direct flood influence area are not the only ones affected. The vegetation distant from any water source before damming is afterwards near the margin of the lake created by the dam, and long-term consequences are difficult to prevent because this new "riparian vegetation" is completely different from an original riparian environment in species and characteristics.
Riparian vegetation includes species adapted to water saturation and species adapted to low water patches, and thus commonly shows high diversity (Naiman and Decamps 1997) . These environments are associated with many ecological services, such as connecting aquatic and terrestrial habitats (Dynesius and Nilsson 1994) , providing resources for fish (Jansson et al. 2005) and other dispersers such as birds and mammals (Gundersen et al. 2010; Naiman and Decamps 1997) , and promoting refuge for these animals (Palmer and Bennett 2006) , thus playing a key role in diversity maintenance.
However, vegetation that becomes near the new margins created by dams are located on hillsides (Truffer et al. 2003; Vale et al. 2013) , without species associated with high water saturation, in other words, with different species composition (Acker et al. 2003) and with different traits compared to typical riparian vegetation. Terrain with steep slopes facilitates water flow and reduces water infiltration into the soil (Sidle et al. 2006) . Moreover, hills have rocky soil that makes water retention even more difficult. Due to these conditions, species of these environments show adaptation to reduce water loss due to water-stressed conditions, such as loss of leaves during dry season and fruits and seeds with low water content (Murphy and Lugo 1986) , and tend to have higher wood density to prevent drought-induced embolism (Choat et al. 2003) . Thus, it is not only difficult to prevent the consequences of proximity to the water line on these drought-adapted species, but it is also uncertain if the "new riparian vegetation" will provide the ecological functions of a typical riparian vegetation.
Many dams have been built and will continue to be built, and therefore, understanding vegetation changes after damming is crucial for better conservation and future management actions. Thus, we monitored three seasonal forests that were subjected to the impact of a hydroelectric dam to answer the following questions: Which were the species best adapted to new conditions imposed by the dam? Which were negatively affected? Which new species were established? Were there any local extinctions? Finally, would the "new-riparian vegetation" maintain the ecological roles performed by typical riparian vegetation? Our hypothesis was that a few years after impoundment, species richness and diversity increase because the increased supply of water would favor the establishment of water-associated species. On the other hand, it would cause the mortality of many tree species commonly found in forests with a wellestablished dry season.
Methods

Study area
This study was conducted in three dry forests (18°47′ 40″ S, 48°08′57″ W; 18°40′31″ S, 42°24′30″ W; and 18°3 9′13″ S, 48°25′04 W; Fig. 1 ) located in the Amador Aguiar Complex Dam (two dams located on the Araguari River, with reservoir depths of 52 and 55 m). All areas had a sloped terrain, but the deciduous forest inclinations were much more pronounced compared to the semideciduous forest (in some plots, the inclination was over 30°). Three dry seasonal forests (two deciduous and one semideciduous forest), which before damming were at least 200 m from any water source, now had the riverbank at its edge after damming since 2005 (AD1)/2006 (AD2). The dam water flow was constant, and thus, the water flow did not vary over seasons and over years. Earlier analyses made in three areas confirmed the damming effects of moisture increase in soil at least 15 m from the artificial lake margin created by the dam (Vale et al. 2013 ). This impact clearly affects the entire community (Vale et al. 2013) , and the responses of tree species to river damming were analyzed here. The climate of the study area is Aw according to the Koppen-Geiger classification (Kottek et al. 2006 ) with a dry winter (April to September) and a rainy summer (October to March), with an average annual temperature of 22°C and average rainfall of around 1595 mm (Santos and Assunção 2006) .
Plant sampling
The first inventory (T0) was carried out in 2005 (AD1) and 2006 (AD2). In each forest, 60 permanent plots 20 × 10 m were marked, totaling 1.2 ha by area (total of 3.6 ha sampled). A total of 10 plots (200 m wide) were established where the river reached the maximum flood level after damming, and the remaining plots were established perpendicular to the river margin. Thus, the samples were distributed every 10 m of perpendicular to the river (0 = 10 m, 10 = 20 m, 20-30 m, 30-40 m, 40-50 m, and 50-60 m of distance). All trees with a diameter at breast height (DBH) of 4.77 cm were tagged with aluminum labels. The diameter of the stem was measured at 1.30 m from the ground, and in case of multiple stems, all live tillers were also measured at 1.30 m.
The first inventory was conducted in the T0 period, that is, before damming. The second inventory was made 2 years (T2) and the third, 4 years (T4) after damming. All inventories were carried out at the end of the rainy season (March-April) to standardize the sampling and to avoid dry season influence on the plant stem diameter due to dehydration. All samplings followed the same procedure as the first inventory (more information in Vale et al. 2013 ). The new individuals that met the inclusion criteria (recruits) were measured and identified. Mortality referred to standing dead trees or fallen trees.
Diversity analysis
We calculated the Shannon-Weaver diversity index (Shannon 1948) to measure changes in diversity over the three measurement periods (T0-T2-T4). We applied the Hutcheson t test (Hutcheson 1970) to compare the richness between T0-T2, T2-T4, and T0-T4 period in all forests. Moreover, we estimated the richness based on second-order Jackknife (Colwell 2005) . This estimator was considered by Colwell and Coddington (1994) as one of the best predictors of richness.
Dynamic rates analysis
Each species was evaluated regarding dynamic rates in the T0-T2, T2-T4, and T0-T4 periods: mortality, recruitment, outgrowth, and ingrowth rates (we focused on species with at least 20 individuals, but all results are in the Additional file 1). Mortality (M) and recruitment (R) were calculated in terms of annual exponential rates (formulas in Sheil et al. 1995; Sheil et al. 2000) . The outgrowth annual rates (O) refer to basal area of dead trees plus dead branches and basal area of living trees (decrement) and ingrowth annual rates (I) refer to basal area of recruits plus growth in basal area of surviving trees (increment). To evaluate changes in the forest, we determined turnover rates for individuals and basal area through mortality-recruitment rates and outgrowth-ingrowth rates .
Results
Floristic and dynamic-general changes in species
In all three dry forests, the diversity index increased in the first 2 years and for the second year to the fourth year of measurement (Table 1 ). In DF1, the T2-T4 period showed more diversity changes than did T0-T2 (significant, see Table 1 ). Nevertheless, in DF2, the greatest diversity increase occurred in the T0-T2 period (significant, see Table 1 ). In SF the same difference in T0-T2 and T2-T4 was noted, but not significant in either period. The 4-year effect of damming on forests was the most notable. Comparing the T0-T4 period for all dry forest investigated, the Shannon diversity index increased significantly (Table 1) , confirming the positive influence of soil moisture on richness and diversity.
The second-order Jackknife richness estimator predicted 62 in deciduous forest 1, 81 in the deciduous forest 2 and 131 species in the semideciduous forest per hectare sampled in T0 (Fig. 2a-c) . However, the estimated richness after impoundment increased for both deciduous forests in only 2 years of impact (62 to 74 in deciduous 1 and 81 to 91 in deciduous 2). For deciduous 1, richness continued to increase and reached 85 species per hectare (Fig. 2a ), but in deciduous 2, richness stabilized at 91 (Fig. 2b) . Otherwise, there were no strong variations in the semideciduous forest after dam construction In deciduous forest 1 (DF1), the new species found in T2 were Aspidosperma subincanum Mart. ex A. DC., Guapira areolata (Heimerl) Lundell, Guarea guidonia (L.) Sleumer, Luehea grandiflora Mart., Siparuna guianensis Aubl., Trema micrantha (L.) Blume, and Xylopia aromatica (Lam.) Mart., and in the T4, they were Inga vera Kunth, Jacaranda caroba, Margaritaria nobilis (Vell.) A. DC., Myrsine umbellata Mart., Trichilia elegans A. Juss., Xylopia brasiliensis Spreng., and Tocoyena formosa (Cham. & Schltdl.) K. Schum. This last species was found in T0, but only as one tree, which died. However, two recruits were sampled in T4. Another species, Sterculia striata, was not found in T2 and T4.
In deciduous forest 2 (DF2), the new species found in T2 were Cedrela fissilis Vell., Eugenia florida DC., Genipa americana L., G. guidonia, L. grandiflora, Nectandra cissiflora Nees, Terminalia glabrescens Mart., Trichilia catigua A. Juss., T. elegans, Trichilia pallida Sw., and Zanthoxylum rhoifolium Lam. In T4, only two new species were found, i.e., Ceiba speciosa (A. St.-Hil.) Ravenna and Matayba guianensis Aubl. Otherwise, two species were not found, one in T2 (Aegiphila sellowiana Cham.) and another in the T4 period (Hymenaea courbaril L.).
The semideciduous forest (SF), however, changed little in richness. The new species sampled in T2 were Albizia niopoides (Spruce ex Benth.) Burkart, Heteropterys byrsonimifolia A. Juss., Machaerium hirtum (Vell.) Stellfeld, Psidium rufum DC., and Terminalia phaeocarpa Eichler, and in T4, they were Hirtella gracilipes (Hook. f.) Prance and Cecropia pachystachya Trécul. Otherwise, three species were not found in the T2 period, namely Dilodendron bipinnatum Radlk., Bauhinia rufa (Bong.) Steud., and Byrsonima laxiflora Griseb.
When we considered the occurrence of new species according to distance from the reservoir, it was notable that damming caused a rise in richness. Of the 34 new species (accounting for all forests), 28 were collected near the shore (0-30 m) and only 6 were not found in these patches, indicating a dam influence on the establishment of new species. Furthermore, these 6 species were located only far from the shore (30-60 m).
Dynamic rates
The dynamic rates confirmed the damming effects on the tree community, especially in the first 2 years exemplified for those species with 20 or more individuals. In this period, 7 of 10 species showed a dynamic rate of more than 10% per year (Table 2 ), values considered extremely high. In DF2, the same was observed for 17 species (20 or more individuals), where 15 had a dynamic rate of more than 10% per year (Table 3) . However, the semideciduous species were more stable regarding species dynamics in the T0-T2 period. Only 5 of 20 species with more than 20 trees had a dynamic rate greater than 10% per year (Table 4) .
These high dynamic rates in the first 2 years did not follow the same pattern in subsequent years. For the same species analyzed in the T0-T2 period, only one in DF1, four in DF2, and three in SF had a dynamic rate over 10% per year. This contrast in dynamic rates between T0-T2 and T2-T4 illustrate the damming effects on the entire community. Many species showed greater rates of mortality, recruitment, outgrowth, and ingrowth compared to communities (Fig. 3) , and thus, the dam construction impact was substantially more intense in the first 2 years. These effects were more severe for both deciduous forests (Fig. 3 ) because more species displayed higher rates than did the community (and the community's rates were very high-Tables 2, 3, and 4). If we analyzed the entire period (T0-T4), the results did not seem significant, because only five species in DF1, nine in DF2, and four in SF had a dynamic rate greater than 10% per year. This result masked the true, marked changes that occurred in all forests, especially in the two deciduous forests, and therefore, monitoring every 2 years was essential for understanding damming effects (and consequently soil moisture increase) on dry seasonal forests.
Discussion
Richness and diversity increase
A surprising finding of this study was the quick changes in the richness and diversity in the three dry seasonal forests in communities, mainly on deciduous forests. According to the richness estimator, an increase in forest richness by 10 species per hectare could be seen in only 2 years of damming, a great increase considering that we only included trees at least 5 cm in diameter. Many studies on impacted forests have demonstrated structural changes a few years after great disturbances such as storms (Laurance et al. 2006; Pascarella et al. 2004) , fragmentation due to edge effects (Laurance et al. 2006) , logging (Guariguata et al. 2008) , and severe dry periods (Chazdon et al. 2005 ), but still with forest recovery of structure and composition over the years (Chazdon et al. 2007 ). In general, only long-term studies have shown changes in tree species and their probable consequences for the community (Laurance et al. 2006) , because trees could be long-lived and because changes resulting from disturbances would be gradual. This rapid increase in richness and diversity found for all dry forests analyzed support the hypothesis of great changes caused by dam construction, even in the tree community. The main factor was the increase in the amount of water available, a barrier for many species to growth in the dry season before the damming (Vale et al. 2013 ). With water available in dry periods after impoundment (Vale et al. 2013) , there was no water restriction and more plant species could grow enough to meet the inclusion criteria. Most of the new species recruited probably were already present in the community as small individuals or saplings with deficiency in growth due to water stress. Summarizing these new species sampled, at least 20 are water-associated species, found in non-Amazonian riparian forests (Rodrigues and Nave 2000) , humid Atlantic Forest (Oliveira and Fontes 2000) , or even distributed in wet environments of riparian (gallery) forests (Oliveira-Filho and Ratter 2002) or flooded forests ). Hence, prolonged dry periods could act as a negative filter for these species in the original dry conditions, killing them or at least hindering their establishment. The rise in soil moisture due to dam construction (Gusson et al. 2011) breaks the marked seasonality of soil moisture for these forests, favoring the establishment of water-associated species.
Is important to note that the new conditions created by damming are not transitory. Thus, other tree species can be established in this community over the years, and the community will never return to its original state. Germination is influenced by water (Breshears et al. 1998) , and some species would have better conditions to stabilize. Even fruits and seeds dispersed from other areas should also increase species richness. The short period of monitoring and the inclusion criteria (only trees five or more centimeters in diameter were sampled) make it difficult to make these affirmations about germination and dispersion influences on richness. However, a regeneration work in these areas shows distinct seedling and sapling responses of the two most important species in these forests (Anadenanthera colubrina and Myracrodruon urundeuva) demonstrated that M. urundeuva had a more negative response than did A. colubrina to increased soil water (Gusson et al. 2011) , verifying the effects on germination. Moreover, other dam studies have compared free-flowing rivers with regulated rivers and have shown some positive effects of damming on plant richness due to dispersion (Jansson et al. 2000) and germination . The rise in richness and diversity should be treated with caution. The increase in richness and diversity will never overcome the loss of species drowned by the damming. This increase in richness may be treated as one more impact of dams on the flora.
Studies in temperate environments affected by dams have found species changes (Jansson et al. 2000; but have concluded that both richness and diversity are not the most sensitive indicators of effects Fig. 2 Rarefaction cumulative number of species using Jackknife estimator for three periods in three dry seasonal forests (A, B, and C). Triangles indicate the period before damming; circles indicate the period 2 years after damming; and squares represent 4 years after damming of flow regulation (Dynesius et al. 2004 ). Our results, however, suggest high modification in both richness and diversity after only 4 years of impact. The impacts on the species pool were probably high due the high biodiversity in tropical environments, and several shifts in species should be expected in any overflow in the tropics. This is a key problem because the most diverse tropical systems are affected by dams ) and this represent a high risk to biodiversity because all forests in the tropics that are subjected to similar flooding after damming tend to show high species chances.
It is difficult to imagine how damming affects forest communities all over the world, but the changes shown here point to a dramatic scenario with huge modifications. Moreover, the damming influence on recruitment Table 2 Tree species parameters and dynamic rates for a deciduous forest (Deciduous forest 1) in Southeastern Brazil. T0 = before dam construction, T2 = 2 years after damming, T4 = 4 years after damming, M = mortality, R = recruitment, O = outgrowth, I = ingrowth. Only species with at least 20 individuals are shown Table 3 Tree species parameters and dynamic rates for a deciduous forest (Deciduous forest 2) in Southeastern Brazil. T0 = before dam construction, T2 = 2 years after damming, T4 = 4 years after damming, M = mortality, R = recruitment, O = outgrowth, I = ingrowth. Only species with at least 20 individuals are shown
Deciduous forest 2 Number of individuals Basal area Dynamic rates T0-T2 Dynamic rates T2-T4 Dynamic rates T0-T4   Species  T0  T2  T4  T0  T2  T4  M  R  O  I  M  R  O  I of water-associated species was strongest in patches near the river (0-30 m from the shore), which was twice that of those sampled farther from shore (30-60 m). Thus, damming effects on the community and on some species especially have been concentrated near the reservoir (Vale et al. 2013) , just the main area for conservation efforts through ecological services such as with regard to soil protection against erosion and siltation (Guo et al. 2007; Hubble et al. 2010) , aquatic fauna and corridor for fauna movements (Gundersen et al. 2010) , and pathways for plant dispersion (Naiman and Decamps 1997; Nilsson and Berggren 2000) . These areas that become situated close to the artificial lakeshore showed high impact and should be monitored for several years, so that we learn more about the many implications for ecosystems. Water restriction is a common event for seasonal environments, but it is harsher for deciduous than semideciduous forests. The mountainous terrains with high slope and rocky soils in deciduous forests (Oliveira-Filho and Ratter 2002) facilitate the water flow in rainy periods and hinder water infiltration (Baker et al. 2002) . In the semideciduous forest, water stress is less intense due to more clayey soils and less sloped terrain, and hence, fewer new species are found.
Due to being in a more water-stressed environment, deciduous forests have stronger deciduousness during dry season than do semideciduous forests. With dam construction, the proximity of the forest to the water table increases subsoil water reserves, which is the ecophysiological basis for evergreen maintenance (Borchert 1998; Nepstad et al. 1994) . Therefore, in the deciduous forest, the environment during the dry season becomes milder, facilitating the growth of evergreen species (most new species collected were evergreen). Evergreen species have more advantages when the environment is not water deficient. Deciduous species have more photosynthetic capacity (Reich et al. 2003 ) but lose part of the carbon acquired due to leaf fall. On the other hand, evergreen species do not lose much carbon during the dry season and are therefore photosynthetically active during the dry season (Chabot and Hicks 1982) . In general, evergreen species have deep roots with more secondary and lateral roots (Markesteijn et al. 2010) , and thus, it would be difficult to Table 4 Tree species parameters and dynamic rates for a semideciduous forest (SF) in Southeastern Brazil. T0 = before dam construction, T2 = 2 years after damming, T4 = 4 years after damming, M = mortality, R = recruitment, O = outgrowth, I = ingrowth. Only species with at least 20 individuals are shown
Semideciduous forest
Number of individuals Basal area Dynamic rates T0-T2  Dynamic rates T2-T4  Dynamic rates T0-T4   Species  T0  T2  T4  T0  T2  T4  M  R  O  I  M  R  O  I maintain root biomass with less carbon gain during dry seasons (Wright and Vanschaik 1994) . However, with water supply all over the year, photosynthesis had no limiter and evergreen plants could present high growth rates. Thus, in the longterm we expected a conversion of physiognomies near the riverbed, of an original deciduous forest to a more evergreen environment (a semideciduous forest, but still with marked deciduousness due longlived deciduous trees). What about new deciduous species found? Of all these "new-deciduous species," only three showed intermediate-to high-density wood (greater than 0.65 g.cm −3 ). Deciduous trees with lower wood density are more vulnerable to drought-induced embolism and cavitation (Choat et al. 2003; Choat et al. 2005) , and thus, intense dry periods tend to be more negative for low-density wood deciduous plants (Markesteijn et al. 2010) . With rise in soil moisture, the risk of low water problems for sap transportation is reduced; plant fitness and survival in the new conditions are favored. Thus, low-density wood was favored.
"Riparian Effect"
The rainfall regime and groundwater depths strongly influence species composition, community structure, and biological diversity (Ehleringer and Dawson 1992; Munoz-Reinoso 2001; Naiman and Decamps 1997) , and a water-stressed environment can raise the richness and diversity of trees after water availability changes (Xu et al. 2009 ). On a global scale, humid forests have more biodiversity (Gaston 2000) in places without energy restriction, such as the tropics (O'Brien et al. 2000) . Considering that the energy in these systems did not vary in the forests studied, the clear factor that enhanced richness was the change of a "common dry forest" to an "artificial riparian dry forest" due to increased soil moisture (the so-called "Riparian Effect"). Blue circles = semideciduous forest species; green diamonds = deciduous forest 1 species; red diamonds = deciduous forest 2 species; green squares = species with low dynamic rates even in the T0-T2 period; closed blue circles = entire semideciduous forest; closed green diamonds = entire deciduous forest 1; closed red diamonds = entire deciduous forest 2; dashed lines indicate the entire community rates in T0-T2 period. a = Siparuna guianensis; b = Allophylus racemosus; c = Piptadenia gonoacantha; d = Lonchocarpus cultratus; e = Casearia gossypiosperma; f = Acacia polyphylla; g = Anadenanthera colubrina; h = Inga sessilis; i = Anadenanthera colubrina; j = Mabea fistulifera; k = Luehea grandiflora; l = Casearia gossypiosperma; m = Celtis iguanaea; n = Campomanesia velutina; o = Rhamnidium elaeocarpum; p = Terminalia glabescens; q = Casearia rupestris; r = Aloysia virgata; s = Casearia grandiflora; t = Casearia rupestris; u = Dyospirus hispida; v = Myracrodruon urundeuva; w = Guazuma ulmifolia; x = Machaerium brasiliensis; y = Guazuma ulmifolia; z = Bauhinia ungulata; a' = Dilodendron bipinnatum; b' = Coccoloba mollis; c' = Micropholis venulosa; d' = Platypodium elegans; e' = Aspidosperma olivaceum; f' = Cordiera sessilis; g' = Cheiloclinium cognatum; h' = Duguetia lanceolata Riparian forests are a transition zone between land and aquatic systems and support more plant richness than surrounding areas (Naiman and Decamps 1997; Nilsson and Berggren 2000) because they have flora associated with humid and dryer patches. The increase in richness and diversity, however, will not mean a "total" conversion of these dry forests into a typical riparian forest due to the maintenance of most of the species in the community, and a few species are lost. Riparian forests are species richness systems (Rodrigues and Nave 2000) , due to the high heterogeneity, such as floods (Lopes and Schiavini 2007) , distinct water flow (Jansson et al. 2000) , and great soil moisture variations (Rodrigues et al. 2010) , and despite that new species appeared, some characteristics of the original forest were constant.
Some of these "heterogeneity creators" in a natural riparian forest did not occur in the three forests analyzed here. First, floods did not occur because dam flow was controlled by an upstream dam, and thus the water table did not vary and soil moisture near stream would have few changes over subsequent years. Flood frequency and variations in water table depth increases habitat complexity (Naiman and Decamps 1997) , creating conditions for the growth of different species (Lopes and Schiavini 2007) . Second, the new artificial lake created did not have a water current, and thus the sediment and seed deposition from upstream plants would not occur. Flow regime influences species composition and distribution on a small scale (Bendix and Hupp 2000; Hughes and Rood 2003) , because many seeds are dispersed by hydrochory (Jansson et al. 2000) and because soil deposition creates patches with distinct soil infiltration and nutrients (Rodrigues et al. 2010) , increasing patches with environmental heterogeneity for the establishment of different species. Therefore, free-flowing rivers have more species-richness than regulated ones after long periods (Dynesius et al. 2004; Nilsson et al. 1997) .
This "Riparian Effect" occurred in the three dry forests studied, not only enhancing richness and diversity but also leading to a marked exchange of individuals, due to high mortality and recruitment. There was little change in the total number of individuals, due to a balance in recruitment and death of trees; however, because of an imbalance after damming occurred, some species showed high recruitment rates and low mortality against species that were very negatively affected, with mortality rates higher than recruitment. Even a little soil moisture change may induce vegetation changes (Nilsson and Svedmark 2002) , and increased soil water then causes different responses in species. On the one hand, water could kill roots by oxygen stress and consequently anoxia (Vartapetian and Jackson 1997; White 2007 ) and upland plants usually are intolerant to a riparian environment (Johnson 1994; Nilsson and Berggren 2000) . On the other hand, it can break the intense dry seasonal period and enhance plant growth.
The scenario was an unstable period with intense tree changes and several consequences for species a few years after damming. Unstable periods occur after strong perturbation and some conclusions were difficult to make, but it is clear that most important species did not respond equally and those very negatively affected should not be used in the management of areas with similar impacts.
Times of record assessment
Not only were there a range of responses according to forest type (species in semideciduous forest responded less intensely to the effects of the dam), since the responses were concentrated in the first 2 years after impoundment, but also most species showed fewer changes in the T2-T4 period in all three forests, demonstrating that damming impacts tended to stabilize a few years after impoundment. Works with other taxa, such as macrophytes and insects, after damming (Fearnside 2005; Moura Júnior et al. 2011; Patz et al. 2000) have demonstrated that intense changes occur after dam construction but tend to stabilize over years (Lima et al. 2002) . Even abiotic changes, such as carbon emission, were concentrated in the first years after damming (Fearnside 2002) .
Hence, the analysis every 2 years was necessary and satisfactory in representing the scenario after damming, with marked changes just after impact followed by a stabilization. The damming effect for many species would have been masked, if analyzed only in the T0-T4 period because rates in T2-T4 were three to more than 10 times smaller for these species. Moreover, we avoided error associated with tree hydration when measurements are made in different seasons of the years (Phillips et al. 2004) , because all measurements (T0, T2, and T4) were carried out at the end of the rainy season (March-April), increasing the reliability of the results. The measurement interval also affects dynamic rates (Phillips et al. 2004 ), but the rate differences for species between T0-T2 and T0-T4 were too high (frequently more than 5% per year) to infer that the 2 or 4 years caused such great effects on rates. Finally, the rates could be influenced by the number of individuals for a species, and according to our criteria for analysis, we considered only species with 20 or more individuals to minimize this problem, resulting in many general tendencies.
Conclusions
With dam construction, the proximity of the forest to the water table increases subsoil water reserves and break the intense dry seasonal period. This disturbance is permanent, and is transforming the dry forests into an artificial riparian forest, however with less species and heterogeneity than it. We named this process of "Riparian Effect". This Riparian Effect is reorganizing forest structure with establishment of many water-associated species and increase of the forest basal area because the water supply improves tree growth, increasing basal area in many trees, which become thicker. Dams creates a permanent landscape alteration and changes in these forests will occur for several years and are more notable in the first two years after damming, however the changes in deciduous forest are more remarkable than in semideciduous forests. This paper helps understanding the impacts of damming on seasonal forests. Undoubtedly, not all changes in these forests can be documented, but it's clear that the damming impacts are very significant and deserve further study.
Additional file
Additional file 1: Tree species parameters and dynamic rates to three Dry Forests (Deciduous Forest 1 -DF1, Deciduous Forest 2 -DF2 and Semideciduous Forest SF) in southearn Brazil. T0 = before dam construction, T2 = two years after damming, T4 = four years after damming, M = mortality, R = recruitment, O = outgrowth, I = ingrowth. Only species with less than 20 individuals are shown.
